The purpose of the study was to determine the role of computed tomography (CT) perfusion in differentiating hemangiomas from malignant hepatic lesions. Materials and Methods: This study was approved by the institutional review board. All the patients provided informed consent. CT perfusion was performed with 64 multidetector CT (MDCT) scanner on 45 patients including 27 cases of metastasis, 9 cases of hepatocellular carcinoma (HCC), and 9 cases of hemangiomas. A 14 cm span of the liver was covered during the perfusion study. Data was analyzed to calculate blood flow (BF), blood volume (BV), permeability surface area product (PS), mean transit time (MTT), hepatic arterial fraction (HAF), and induced residue fraction time of onset (IRFTO). CT perfusion parameters at the periphery of lesions and background liver parenchyma were compared. Results: Significant changes were observed in the perfusion parameters at the periphery of different lesions. Of all the perfusion parameters BF, HAF, and IRFTO showed most significant changes. In our study we found: BF of more than 400 ml/100 g/min at the periphery of the hemangiomas showed sensitivity of 88.9%, specificity of 83.3%, positive predictive value (PPV) of 57.1%, and negative predictive value (NPV) of 96.7% in differentiating hemangiomas from hepatic malignancy; HAF of more than 60% at the periphery of hemangiomas showed sensitivity of 77.8%, specificity of 86.1%, PPV of 58.3% and NPV of 93.9% in differentiating hemangiomas from hepatic malignancy; IRFTO of more than 3 s at the periphery of hemangiomas showed sensitivity of 77.8%, specificity of 86.1%, PPV of 58.3%, and NPV of 93.9% in differentiating hemangiomas from hepatic malignancy. Conclusion: Perfusion CT is a helpful tool in differentiating hemangiomas from hepatic malignancy by its ability to determine changes in perfusion parameters of the lesions.
INTRODUCTION
Globally primary liver cancer is the fifth most frequently diagnosed cancer. [1] Early diagnosis is important to improve survival rates in the affected individuals. The liver has a dual blood supply and most liver diseases cause changes in blood flow (BF). Hence it is important to evaluate the hemodynamic changes to discover lesions early and assess therapeutic response. [2] [3] [4] [5] [6] Currently, the perfusion imaging techniques with multi-slice computed tomography (CT) allow quantification of the perfusion parameters of tissues. [7, 8] As the liver plays an important role in blood circulation by acting as a filter, metastatic liver cancer occurs in over 75% of all terminal cancer patients. [9, 10] Metastatic foci smaller than 10 mm are difficult to detect even with advanced imaging modalities. Thus tools are needed that provide earlier detection. Occult metastasis gives rise to detectable changes in liver BF similar to those caused by overt metastasis. CT techniques allow quantification of perfusion parameters of tissues allowing early detection of occult metastasis. [11] [12] [13] [14] Hepatic hemangiomas are small, asymptomatic lesions seen in all age groups often discovered incidentally in routine cross-sectional imaging. They are the second most common hepatic tumor, exceeded only by metastasis. Sometimes with conventional imaging techniques differentiation between hemangiomas and malignant hepatic lesions becomes difficult, especially in patients who have a known primary tumor. [15] The recent development of multidetector CT (MDCT) allows fast data acquisition over a large anatomic area with isotropic voxels. The shorter scan times allow the capture of distinct phases, including the unenhanced phase, the arterial phase, and the portal venous phase. These phases provide important information concerning the enhancement patterns and hence the possibility of characterization of focal liver lesions. The improved temporal resolution of the newer faster MDCT systems also allow perfusion studies of the liver. [16] [17] [18] [19] Perfusion imaging techniques with multi-slice CT allow quantification of the perfusion parameters of tissues and help in differentiating benign lesions from malignant lesions. [20, 21] The purpose of the study was to determine the role of CT perfusion in differentiating hemangiomas from malignant hepatic lesions.
MATERIALS AND METHODS

Study design
This prospective study was approved by the institution review board. Forty-five patients (24 males, 21 females; mean age: 54 years) of which 27 cases of metastasis, 9 with hepatocellular carcinoma, and 9 with hemangiomas were included in this study. Informed consent was obtained from all the patients.
Inclusion criteria
Included in the study were patients with radiologically detected focal liver lesion on ultrasonography, indeterminate focal liver lesions on liver fine needle aspiration cytology, and focal liver lesions in known primary malignancy.
Exclusion criteria
Patients with known contrast reaction, patients with creatinine clearance less than 30 ml/min/1.73 m 2 , pregnant women, patients in the pediatric age group (<18 years) and patients with focal liver lesions confirmed as benign histopathologically prior to the study were excluded from the study.
Technique
CT perfusion of the liver was performed on a 64-slice CT scanner (GE light speed VCT Xte extra) with volume helical shuttle covering 14 cm of liver span. Patients were kept fasting for at least 6 h. Intravenous access (with 18 G cannula) was obtained through antecubital vein.
For initial localization of the lesion, a CT scan of the liver was obtained without contrast medium during a breath hold at the end of expiration. After the lesion localization, a 14-cm scan range for computed tomography perfusion (CTP) was selected to include the largest lesion area visible on non-contrast computed tomography (NCCT) localizing images.
A dynamic study of the liver was performed in quiet breathing. No motion correction software for abdomen was available in the MDCT scanner used. The acquisition was done in shallow and slow breathing, as it is not possible to hold the breath for acquisition time of 45 s to acquire 26 phases. Further external compression bands were used to minimize respiratory excurses. Similar protocols have been used for motion correction in other studies. [6] A 26-phase helical CT examination of the total liver volume was acquired after rapid intravenous injection of 50 ml nonionic contrast agent at a rate of 4-5 ml/s followed by 20 ml of normal saline at a rate 4-5 ml/s using an automated injection device (Stellant, Medrad). Scanning was initiated 5 s after the start of the injection and images were acquired for a total duration of 45 s (one image per second).
All the CT examinations were performed with the following parameters: Detector collimation: 0.625-1.250 mm; Matrix: 512 × 512; Reconstruction intervals: 3.75-5.00 mm; Scan time: 50 s; Gantry rotation time: 0.4 s; Tube voltage: 80-100 kV; Tube current: 150-300 mAs/Auto mAs.
Data analysis
Images and data obtained were transferred to an image processing workstation. Perfusion maps of the liver were generated using software Perfusion CT 4 (GE) and Perfusion De-convolution technique.
To evaluate the perfusion parameters of focal lesions, unprocessed images were used. Region of interest (ROI) was drawn over the aorta and portal vein on the same slice showing peak enhancement in arterial and portal venous phases, respectively. In case of a single lesion, ROI was drawn at the center, at the edge of the lesion, whole lesion and normal-appearing background liver parenchyma for comparison. If two or more lesions were present, ROI were drawn along all the lesions of more than 20 mm in size and mean value from all the lesions were used for analysis. We selected the images in which the tumor demonstrated maximal enhancement. Two radiologists analyzed the data independently and the mean of their perfusion values was taken for further evaluation. Following parameters were evaluated: BF (in milliliters per 100 g of wet tissue per minute), blood volume (BV, in milliliters per 100 g of wet tissue), mean transit time (MTT, in seconds), permeability surface area product (PS, in milliliters per 100 g of wet tissue per minute), and IRFTO (seconds).
Functional maps were displayed in colors ranging from blue to red, blue being the lower range of display for BF, BV, PS, and hepatic arterial fraction (HAF) and red being the lower range of display for MTT and IRFTO [ Figure 1 ].
Statistical analysis
The mean, standard error of mean and range of various perfusion parameters were calculated at the center, periphery, whole lesion and in the background liver parenchyma. Comparison of various perfusion parameters at the periphery, center, and whole lesion with background liver parenchyma was done by means of unpaired t-test. A P ≤ 0.05 was considered to denote statistical significance. Sensitivity, specificity, positive predictive value (PPV) and negative predictive values (NPV ) for various perfusion parameters were calculated.
RESULTS
From July 2011 to September 2012, a total of 50 consecutive patients (26 males and 24 females; mean age: 54 years) met the selection criteria and were enrolled in the study. A total of 27 patients had liver metastasis, 9 had HCC, and 9 had hemangiomas. Of the remaining five patients, three patients who had no focal liver lesions, and two patients in whom histopathological reports were inconclusive were excluded from the study. Fine needle aspiration cytology (FNAC) or histopathology was done in all cases, except in cases of HCC having alfa-feto protein level more than 400 (ng/mL), cases showing arterial phase enhancement with washout in portal venous phase fulfilling European Association for the Study of the Liver (EASL) criteria, and in cases of hemangiomas that showed no change in lesion characteristics on follow-up CT scans.
Perfusion parameters in background liver parenchyma
Perfusion parameters of background liver parenchyma were calculated in all cases. Perfusion parameters at the periphery, center, and whole lesions were compared with background liver parenchyma. Significant differences were seen in parameter values in the lesions when compared to background liver parenchyma readings. [ Table 1 ].
Perfusion parameters in hemangiomas
There was significant change in BF and HAF at the periphery of hemangiomas when compared to background liver parenchyma (P < 0.05). No significant change was seen in BV, MTT, PS, and IRFTO at the periphery of lesions when compared with background liver parenchyma values. BF was more than 400 ml/100 g/min in 88.9% (8 cases) of hemangiomas. HAF was more than 60% in 7 cases (77.8%) of hemangioma. The various perfusion parameters at the periphery of lesions were correlated with perfusion parameters in the background normal liver parenchyma.
[ Figure 2 and Table 2 ].
Perfusion parameters in HCC
There was significant increase in BF and PS with decrease in MTT and IRFTO at the periphery of HCC as compared with background liver parenchyma (P < 0.05). No significant change was seen in BV and HAF [ Figure 3 and Table 3 ].
Perfusion parameters in liver secondaries
Of the 27 cases of secondaries, 20 cases were hypervascular, and 7 were hypovascular in arterial phase of unprocessed perfusion images. Hypovascular secondaries were seen in three cases of cancer of gall bladder, two cases of cancer of breast, and two cases with unknown primary, whereas hypervascular secondaries were seen in eight cases of cancer of colon, four cases of cancer of breast, three cases of cancer of lung, four cases of cancer of cervix, and one case of cancer of thyroid. All cases of secondaries except for one case with unknown primary showed significant increase in BF and HAF with significant decrease in MTT and IRFTO at the periphery as compared with background liver parenchyma (p < 0.05). No significant change was seen in BV and PS [ Figure 4 ]. It can be concluded that distinction cannot be made between hyper-and hypovascular secondaries based on only CT perfusion parameter values and it is recommended that unprocessed images of all the 26 phases should also be taken into consideration for better characterization [ Table 4 ].
DISCUSSION
We evaluated the role of CT perfusion on 64-slice MDCT in determining the change in perfusion parameters that differentiate hemangiomas from malignant hepatic lesions. We observed significant differences between CT perfusion values of malignant hepatic lesions and hemangiomas. Perfusion CT has emerged recently as a means of rapid, noninvasive assessment not only of the anatomy, but also of physiology, as is evident in its ability to reliably measure BF. MDCT is fast, economical, and widely available, all of which contribute to further interest in perfusion CT techniques and their future implementation in the clinical arena. [22, 23] In the past, many investigators determined the role of CT perfusion in HCC and liver metastasis, however, very few studies have been published determining the role of CT perfusion in differentiating HCC from hemangiomas. To the best of our knowledge, there is no published study determining the role of perfusion CT in differentiating secondaries from hemangiomas.
In 2008, Zang et al., studied the role of perfusion CT in HCC and showed increase in BF, BV, and PS with decrease in MTT. [24] Perfusion values in our study are comparable with values given Zang in his study [ Table 5 ].
Sahani et al., [1] performed dynamic computed tomography perfusion (CTP) in HCC and showed significant change in perfusion parameters in HCC as compared with background liver parameters. Our study also showed significant change in perfusion parameters in HCC as compared with background liver. Our perfusion values for BF, BV, and PS are higher and for MTT are lower as compared with values calculated by Sahani et al. This difference in parameters may be due to differences in technique and/or different algorithms used to obtain perfusion parameters as well as different sets of population. Sahani et al., used only aorta as input vessel, whereas we used both aorta and portal vein as input vessels. We conducted our study on patients from Asia whereas Sahani's patients were from USA.
In the past, many investigators studied the role of perfusion CT in liver metastasis and showed increase in perfusion parameters at the periphery of metastasis. Our values are comparable with those of Jiang et al., [9] but are different from those of Guyennon et al., [25] this difference may be due to different techniques and algorithm used for perfusion [ Table 6 ].
Wang et al., studied perfusion parameters in hemangiomas and showed increase in HAF at the 
PS (ml/min/100 g)
Our study 345±69.5 34.5±12.2 6.8±2.8 52.0±18.2 Zang et al. [24] 239.0±96.0 20.26±6.7 7.2±1.4 37.5±9.5 Sahani et al. [1] 92.8±88. periphery of hemangiomas. [26] In our study, we observed increase in BF, BV, PS, and HAF with decrease in MTT at the periphery of hemangiomas. In our study, perfusion data was acquired for only 45 s and centripetal filling in was demonstrated in subsequent delayed contrast study done at 15 min to cover the whole liver and abdomen. Perfusion scanning was not done in delayed phase to reduce radiation dose to patient. The decrease in MTT can be explained as we compared perfusion values at the periphery of lesions, which is comprised of small capillaries as compared with dilated bigger vascular spaces in the center of the lesion. Second, most hemangiomas in our study were small and small hemangiomas shows atypical hemodynamics with diffuse enhancement in arterial phase and with transient hepatic attenuation difference in surrounding liver parenchyma due to arterio-portal shunting. [27] [28] [29] Most cases of hemangiomas in our study showed early arterial enhancement with washout in surrounding liver parenchyma. Inclusion of this surrounding liver parenchyma in ROI may be reason for low MTT values.
No study to date, in our knowledge, has been carried out to show MTT values in hemangiomas. Further research is required to ascertain routine use of these values.
There was significantly greater increase in BF at the periphery of hemangiomas as compared with HCC and metastasis. HAF also showed significantly more increase at the periphery of hemangiomas as compared with HCC and metastasis. IRFTO was significantly decreased at the periphery of HCC and metastasis, however, in cases of hemangiomas, no significant change was seen as compared with background liver parenchyma. No significant difference was seen in BV, MTT, and PS at the periphery of various lesions. BF, HAF, and IRFTO showed significant changes and may help in differentiating hemangiomas from malignant hepatic lesions. Wang et al., [26] showed the significance of HAF in differentiating hemangioma from malignant hepatic lesions. There is no study, to our knowledge, that shows the significance of other perfusion parameters in differentiating hemangiomas from malignant hepatic lesions. Further research is required to evaluate the role of other perfusion parameters.
Cut-off values
In our study, BF more than 400 ml/100 g/min at the periphery of the hemangiomas showed sensitivity of 88.9%, specificity of 83.3%, PPV of 57.1%, and NPV of 96.7% in differentiating hemangiomas from hepatic malignancy. Also HAF more than 60% at the periphery of hemangiomas showed sensitivity of 77.8%, specificity of 86.1%, PPV of 58.3%, and NPV of 93.9% in differentiating hemangiomas from hepatic malignancy. Similarly IRFTO more than 3 s at the periphery of hemangiomas showed sensitivity of 77.8%, specificity of 86.1%, PPV of 58.3%, and NPV of 93.9% in differentiating hemangiomas from hepatic malignancy.
Limitations
There were a number of limitations to our study. First, the sample size in the study was small. Second, for comparison only limited data was available of CT perfusion values in hemangiomas. Third, radiation dose in CT perfusion is higher when compared with radiation dose in conventional CT. Most hemangiomas in our study were small iin size (< 2 cm).
Reproducibility of perfusion parameters
In our study, all data was analyzed by two radiologist independently. To evaluate intraobserver variability same reader analyzed each patient twice. Values are calculated by the same observer twice at diff erent times. Coefficient of variation was derived for each perfusion parameter to evaluate inter-and intra-observer variability. Coefficient of variability for intraobserver variability for various perfusion parameters are: BF -3.2%, BV -4.1%, PS -4.3%, MTT -12.4%, HAF -3.3%, and IRFTO -3.6%. Coefficient of variability for interobserver variability for various perfusion parameters are: BF -7.2%, BV -8.4%, PS -8.8%, MTT -25.4%, HAF -9.2%, and IRFTO -9.6%. Coefficient of variation is highest for MTT both in intra-and inter-observer readings. Coefficient of variation is lower in liver protocol as used in our study compared to body protocol used by other authors. [27] Our values for coefficient of variation for various perfusion parameters are comparable to values given by Chaan et al., in 2012. [30] If we choose the same area of lesion for calculation of perfusion parameters at different times, the variation in values is less and if we choose different areas for calculation of perfusion parameters at different times, the variation in values is greater. CT perfusion is a reproducible technique with acceptable intra-and inter-observer variation.
CONCLUSION
Our initial experience suggests that CT perfusion is a noninvasive, quantifiable, and feasible technique, which can be helpful in differentiating hepatic hemangiomas from 
PS (ml/min/100 g)
Our study 272.4±90.3 30.6±16.4 6.3±2.9 52.4±20.9 Guyennon et al. [25] 170.5±114.9 20.8±11.8 11.4±3.6 20.9±11.8
Jiang et al. [9] 209.5±4.8 46.9±1. 
